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Insanity is doing the same thing over and over again

and expecting different results

Albert Einstein
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Flux Limiter

rENQl 7% Ol=at .
m 2017 5 7S U VoF field To be continued...
flux limiter |2 =2 2 H
° @

NUMAP-
Zagreb TRORANPNZ ==

-
OpenFOAM summer @ CED
. +
X school. . Motion 7 ara
AN MK E M EE | e PHEEb =71 A7
VoFO|| CHSt review project - ! § e BAZ 7|A7H
' using OpenFOAM®

— @ We are the world!
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Shoveling on OpenFOAM Code
Study

Description
2010'F O|TI7tX|= FORTRANS 0| 8%t [} X2t
Z2Oe3] 22 AL s s A5t ARSLICH 59| Procedure Oriented Programming

fe| MM HdEHMeE A E02 Coupled LU-SGS
Solver@} Dr. Peric 2| CAFFA CodeE 0|83 &=XM.
HIF=d off A et 7HE S Rllstn RS LCt

4 MM
2o o 2 5ol
et 29| At B0 2[5 OpenFOAME EotL P
S5E 57| Zled|, ads| CHE "oz AME FEE= -
AlA'”l”Nu:lL'IEl' I x|'E._ I:IA—l— %O'Ig A|_-“:IHE |:‘||:-|:-.|—O|

AL AL EAF Ao AES2 SO0 EH O[8l2te
E|X| 2, M X2k Olsh=At X EEHTR.

Object Oriented Programming

A2 )2 SUBLILH
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ChEX|, J2lm RE Rl Wt
OfE 7 T4 & =X LopELC,

FORTRANZ2=E OOP

FRANC| FREE FORMATZ} MODULES
0| 83t0] [T-H]%|0f 2 FORTRAN Solver?|
OOp HH= B=0 ELCt

CODE
TRANSFORNATIORE ot

MZ ®SL|CH 22|30 A2 2= 7
ALY IBM2 AN =2 & oHH M SL| L
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CODE.TRANSFORMATION

Project ADLIB* (AeroDynamic Lab Immersed Boundary)

>
/ template Grid Components >
class Vector
over-
/ loading / >
/ C++ STL Containers S
Matrix
ULList / Components
Ist
Field >

_ ) * https://github.com/geonhong/adlib )
Previous Slide githubOll 7%} adlib(AeroDynamics Library)dt= CHSLICH Next Slides


https://github.com/geonhong/adlib

LESSONS

e SIMPLE &1 2| 7|EL
H =4 H|™EE XA

Solver 7j&t Achievemen
« Local Refinement 5! t
Immersed Boundary /Benefit « Parallelization
19 . .
Method %8 « Runtime selection table
» Non-conformal grid2| flux Failure . Auto pointer S 12 skill
& pressure treatment /Loss . BN M
« Object Oriented e
Object Orie 20 4 s . TC EMBSI-2} 3H|SH A| 7t
Programming?| 7i{'& O[5} " o oo e
(_X|E xX= +-——=..

- OpenFOAME| T EQ} O|O|H
T I

- ofe] 24, gr=EAl 1
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Description

2013H 72 2SS Y0 YAl Mg &2

STt om0z Mo HE g

AO|AS L Al ol 40| AN S E=

ff 440 Hist= 2 X =0| H“‘”*PME 4|, O

INMSH= Z{0| 2™ 0| L . Instability

0|2 QA FEE KL} BEAXMO R =0l Mostly happened due to CAD
[AE Q= AENO| A|RHE| AL L|CH handling and mesh arrangements
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Ill-defined Geometry

Trimmed Mesh (3.74 mil. cells)

Zero face or
volume

Highly skewed
cells

Wrong oriented

\ faces

Trailing edge of
a blade

Forces Forces
300 r T T 250 T r T T
. . . Pressure —— . . . - Pressure ——
Yizcous Yizcous
Pressure Pressure
2580 | . il
Pressure
/ oscillation mr
150 : : o :
Such pressure oscillation
= ... may. cause. instability.. ... s
G0
o 0
-50 -50
4} 0.1 0.z 0.3 0.4 0.5 0.6 o7 4} o1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Iterations Iterations
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i 7|% £ mefolHo ot 223 - Normal

Issue 3. Effects of ddt Corrections Issue 4. Effects of Relaxation alpha

Results with ddtCorr Results without ddtCorr J— . Solving \VVoF field without relaxation shows
S “"*:ZZ more smooth variation and rapid
R s convergence of forces
. AN Relaxation alpha = 0.3
B N Ty . .
. Y * However the solution is not fully
: “w\“- i T converged and keeps oscillating with small
N S S . VD amplitude if relaxation is not applied
I = | =
o R O 0 e A : _
- \i : Relaxation alpha = 1.0 ’ H A
[ - L OO SOOI USRS IUUUONS NP O
I | Not fully converged
AN Ap— o -
N \4\_ N . ‘ f‘f \ " \vﬁ \\/_/\\jf \T‘,A‘\/\:{ ~_]
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penFOAMI}
24y ol 4= 2[h potential

flow solver@! KPA ZEQ| ZATtC 2
At EH i, SHX| B e -5 0
AHQI0| eHERUSLICE

210 e Crdot et 7= &
SHot0 OEA = ALHSHA

ot= AL
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= 2. off A 2 2}

Theldffect@ftheldropellerW aslteflected My mheansdf mhomentum [Sburcehethod
wherelfhelmhomentum [SburcesW ereldstimatedfrom [KPA 14 [code.

Convert[ibrces(io
momentum [sburces

e Enhanced accuracy
* Inflow model
» Viscous correction

+ Hsin’s method
e Relaxing potential
for Kutta condition

Wakelhfo.

Forcelimfo.

FORTRAN [SLbroutine

Enhanced robustness

Previous

1=

Stability rate: 78.4%

Present

1

Stability rate: 98.6%

Single case run in an hour with 108 cores (3 nodes)

2,880 jobs can be submitted at once
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High v

cell ne
surface

Unphysical behavior near
the free surface makes it
difficult to carry out a

stahble simulation

UX
1B540e003 45 & 76718400
o
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Flow

Description

& 85 050 AO0M 0] (two-phase) &2 S&ot

&%E 3. Two-phase

T

M2 R FS%tLICH £3], OpenFOAME 0| £3}0] STAR-

CCM+ ot 22 &8 =75 US| ?IsiME 2N =2

HAolOF ot= RAYLICE Ofd R0 AN ofefet 22 &

7HX] Ol77F ARA S LI

(v) Air Jet near Freesurface

A4 200 27|71 3HS| T4 Ha
() Air ventilation into the water

7017t = £22 UM E et &Y S07te oY

() Limited time step size

cAlpha < 1.0 o] &2 deltaTZ 2&H computation time

Next Slides




TwoPhaseFlow::AirJet

ZHERSE AP A H A E S S Al

—

Ot

Tolmnprovelhelstability@f nplicit MoF solver,
thelhducedflow [Af ight fluidMear fhefteelsurfaceaseen [donsidered.

r,=lkg/m® r, =1,000kg / m® Forlalsimplicity, [fisl@ssumedhat
 1-DIdnfigurationMithniform [@rid
in L P R out « pressurelgradient 30
- o —+T> o —+> o —JP>

linearihterpolationscheme

upwindlsthemelibrdivergenceldperator

u, =u,, =1.0m/ls

Dr=1 in Surfacelfensionisiegligible

\4

>
«

Alhomentum Equation[@an@elSimplyWritten[as,

a(aftu)w,(r ) =0 » Solve M PLICITLY
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TwoPhaseFlow::AirJet

Solvingforyields,

Verylsmalllvelocitymhay[cause Mery [

highldressurefluctuation
r,=lkg/m® r,=1000kg/m® c

" 2(0.0422,0.8715,0.9654 Limiting face
(1, ttpott] - ={0.0422,0.8715,0.9654) flux between

in L P R out :
™ o P o —p o | N L-P cells is
Dry[cell[Dext b fhefteeSurface i3] required

highlydffected

A
A\ 4
<

1

Pressure-correction 23S 7 X|H mass balanceE & O0F 74X[ T B2 Z20] 0|22t 40| instability 2
source2 2r88}7| = $HL|ICE Schemel} VoF SolverE MAES| MAHSIY 2ATIA|Z = QOL} AT
solution OFL|{Z=. A2l A] flux limiterg H&9dl7|2 OrgH 11 45| HSL L
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TwoPhaseFlow::AirJet

« MULES solves for alpha and corrects
phiAlpha, which is used to predict rhoPhi

Solve VoF Equation

ﬁf

« The rhoPhi is used to solve the 1

momentum equations instead of phi . Solve Momentum
. . 5 ; Equations

« Consequently, phiAlpha is the only B U
quantity that affects to a solution in o |
interFoam-like solvers of OpenFOAM, o _
thus this should be limited to be bounded g Solve Pressure Equation
within the range of [0, phi] as well ::,—,) Pald

. Limiting alpha solely is not a good choice 0 U+ y

o

Correct Velocity Field
Un+1

Cell centreOf| Al alphagt2l limiting £.Ct !
Face O A 2] phiAlphadil CH2t limiting0] &8 LT}, Next Time Step
E£79|, deltaT size?t HESTE limiter0| 2 A G BH&L| LT
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TwoPhaseFlow::AirJet

Simple flux limiter on cell faces

(4a), 4, pos(@, ~03)

freesurface

|4

Cell 0 1 2 3

a 1 1 0.5 0

FaceO M2 flux®! phiAlpha ZfS boundlng M7l g2 &
CIE 2 volumeS &2t HELCH(E A4S &10.).
Mass conserveZ} 351?_F %01|*‘| = H[=L|C},

- Previous Slide

with Flux Limiter

without Flux Limiter
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TwoPhaseFlow::AirVentilation

Validation of steadyNavalFoam Of'd O Z3t A& Zagreb LSO M FA|sHE
| OpenFOAM School 2! NUMAP-
steadyNavalFoam helped me to bt it FOAM(2014)0] Et7pai&L|Ct, QF 257t

suppress the ventilation problem SILIO| Z=X|Z 7HX| 1 short-term projectS

However the first try of running = HHst=0|, Mo MHME FU= 37

steady VoF simulation failed to o 75 &AM (ventilation)= o £t A
get the converged solution StRA= L Lt

So | began to complain to Vuko 20|, steady AEHO A Q] 8 A =X} K|CH =

S . E|X] = AL

Procure
Viacous

ol § & “‘ llllr 1l ll""
f

Iterations = 1000
..—1efA O £ §lO| EE Rz LT}

. ‘ |
¢ |

- 100 150 £ g 00 £ o - o8
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TwoPhaseFlow::AirVentilation

Test simulation step by step :: case1000

- Change the grad scheme only

+ leastSquare to
celllLimited leastSquare 1

- The forces are not converged with
the grad scheme solely changed

Schemek

Previous Slide

Forces

Forces, N
3

Test simulation step by step :: case1100

Forces

-+ Based on the case1000, reduced = e —
limitMagU from 10to 6 -

+ This option limits maximum =
magnitude of the velocity U. If the -
magnitude of velocity of a cell is e

Fi

larger than the specified limit value, I N

then it scales the velocity | LA — a-—ii |

components by the factor of STRTE TR AV AT BT
1mitMagU/mag (U) Y * MY

increases

- It shows more stable behavior than Tine
case1000. Before Time = 15, it
seems to be converged but later
the pressure force begins to
oscillate and the amplitude

Velocity limiter= H-&df 211

Next Slides




TwoPhaseFlow::AirVentilation

Test simulation step by step :: case1110 Test simulation step by step :: case0010
- Grad scheme is changed, i e — + Then, is deltaT the most = i
limitMagU is reduced, and the time . important factor affecting the 5
step size is decreased form 0.1 to convergence?
0.05. - ™
- + If deltaT is reduced only, the .
» The computation converged after ~ § « computation does not converged.  § *|, |
Time = 60 where the computation ~ * | . ) lf"‘ /\
iterates 120 steps. N 7 + We need to set up appropriate " AN J Y
. ﬂfMMMA limitMagU value as well as JYLAFN L
- deltaT, which may be connected TN
= - = = 9 to the Courant number -, s . B3 m = 2w =® e
The ventilation has been
suppressed, but still air mixture is
found in the forward and corner of
the hull where surface curvature is
relatively large.
= L . [
deltaTe =0 H L] o} X| 3t Main factor &7|=
- AlTT
#dEH = If

Previous Slide
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TwoPhaseFlow::AirVentilation

Trace cells with
air mixture

In the source code,

// Trace boundary cells on the hull immersed in the water
// with air mixture
const fvBoundaryMesh& boundary = mesh.boundary();
forAll(boundary, i)
{

if (boundary[i].name() == "hull")

{

forAll(boundary[i].faceCells(), faceIl)

{
const label& cellI(boundary[il.faceCells() [faceIl);

if

(
alphallcelll] < 0.95
&& mesh.C() [cellIl.z() < -0.332
&& mesh.C() [cellIl.y() < 0.25
)
{
Pout<< "Cell " << celll << "\t"
<< "y =" << mesh.C()[cellI].y() << "\t"
<< "z = " << mesh.C()[cellI]l.z() << "\t"
<< "alphal = " << alphal[cellll]
<< endl;

Previous Slide
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U0 ddEl= S7150] 2" 4710,
"OlZ7" ot ¥ = A=A 2| FLC.

07| 4 MEBH e

Z M7} El= cell StLEE MEiSED
cellf Al VoF7} 28 &= I8 S =X
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TwoPhaseFlow::AirVentilation

Decompose the VoF equation and monitor values Decompose the VoF equation and monitor values
of each components of each components

- Inthe alphaImplicit.H, Eor 26807 sonaiees of 6

List of cell faces :6(48404 48405 4307606 48391 48398 48400)

fvScalarMatrix alphalEqn ### Volume field info. ###
alphal = 0.9484678462
fvm: :ddt (alphal) fve::div(phi) = 0.0007579478242
+ fvm::div(phi, alphal, alphaScheme) 6;;_::;;:" ‘°°ff;§;;g;:l'“ source
+ fvm::SuSp(~fvc::div(phi), alphal) ddt(alphal) 1.680870318e-05  1.50425145e-05
+ fvm::div div(phi, alphal) 1.63924365e-85 -9.205920768e-08
( SuSp(-fvc::div(phi),alphal) @ 6.041707088e-10
—fvc::flux(-phir, scalar(1l) - alphal, alpharScheme), div(-Ur x (1-alphal), alphal) 3.434479221e-07 ©
alphal, alphalkEgn 3.35445876e-05  1.585105947e-05
alpharScheme
### Surface field info. ###
)3 --- Face field values ———
. facel  isOwnFace phi phir ur lduAddr.lower alpha[nextCell]
48404 1 -5.594932724e-06 4.07823265e-06 -7.026082638e-08 16597  ©.9848908049
48405 1 6.097555705e-06 6.430069813e-06 -1.2519581e-07 16597  ©.9830495798
’ i i 48391 @ 1.079686677e-05 -1.983362978e-06 6.180325739e-08 16593  ©.9712266591
Th|S Can be Separa‘ted |n‘to SUb‘Operat|OnS aS 48398 @ -1.242039896e-06 -3.024125633e-07 9.244846093e-09 16595  ©.9718214301
) 48400 @ -9.052840899¢-06 -2.742931873e-06 1.106468799e-07 16596  ©.9614490235
// Surface scalar field components -—- lower coefficients ——
volScalarField fchiv_phi(fvc::div(phi)); :::;i isOwnFac: ;dt(alph;l) d;végg;izzésha:; S:Sg;;;;;“ng;ghx. alphal)) div(-Ur x (1-alphal), alphal) alphalEgn
3 -b. { -b. { o
?urfaceScalarFleld Ur 48405 1 [} -6.097555705e-06 (] -1.181857182e-07 -6.215741423e-06
. 48391 0 [} -1.079686677e-05 (] 6.561276622e-09 -1.079030549e-05
fve::flux(-phir, scalar(1)-alphal, alpharScheme) 48398 0 9 ) ° 9.675932122e-10 9.675932122e-10
H 48400 @ ] [} ] 1.513703424e-08 1.513703424e-08
// Matrix components --- upper coefficients ——-
fvScalarMatrix ddt_alphal(fvm::ddt(alphal)); faceI  isOwnFace ddt(alphal) div(phi, alphal) SuSp(-fvc::div(phi, alphal)) div(-Ur x (1-alphal), alphal) alphalEqn
fvScalarMatrix div_phi_alphal(fvm: :div(phi, alphal, alphaScheme)); 48404 1 ] -5.594932724e-06 ] 4.027701766e-09 -5.590905022e-06
fvScalarMatrix SuSp_divPhi_alphal(fvm::SuSp(-fvcDiv_phi, alphal)); pres - . S . L e 1. 010901763002
: - s -5. e-08 -5.524198077e-08
fvScalarMatrix divUrAlphal(fvm::div(-Ur, alphal, alpharScheme)); 48398 0 0 -1.242039896€-06 ° -8.277252881e-09 -1.250317149¢-06
48400 0 [ -9.052840899e-06 [} -9.550984565e-08 -9.148350745e-06

Terminate nronram

X8 &™EAZ 2 component(ddt, div, source &) 2 E =0l g L|C}. 1 cell centre®} faced| A 281l 2t matrix@| componentE 2
o
=

2 LO[ H|ual =Lt

N |
mn

Previous Slide Next Slides




TwoPhaseFlow::AirVentilation

Decompose the VoF equation and monitor values
of each components

Decompose the VoF equation and monitor values
of each components

1 ### Volume Field Info ###
alphat 0.948467846
APaP R 2 ALaL — RP or o,=—| R, - ZALaL fuc:div(phi) 0.000757948 Reduce AP
A 3 --- Matrix Coefficients --—-
L P Operations Diagonal Source
ddt(alpha1) 1.68087E-05] 1.59425E-05
div(phi,alpha1) 1.63924E-05] -9.2059E-08 Increase R B = E A La I
Face Index next alphal |A A x alpha1 SuSp(-fvc::div(phi),alpha1) 0[ 6.04180E-10
391 0.97123[-1.07903E-05[ -1.04798E-05 giviUnx(l-alphal)alphal) _t_3.43448E-07 0 L
398 0.97182| 9.67593E-10] _ 9.40328E-10 alpha\Ean 335446 051N N58511E0D
400 0.96145| 1.51370E-08 1.45535E-08 -- coefficients ---
404 0.98489-5.59091E-06 -5.50643E-06 facel isOwnFace ddt(alphat) |div(phi,alphal){ SuSp(-fvc::) div(-Ur--) alphalEgn
405 0.98305[ 7.01009E-09]  6.89127E-09 48404 1 0 -5.5949E-06 0 4.02770E-09 | -5.5909E-06
-1.59639E-05 48405 1 0 0 0 7.01009E-09 | 7.01009E-09
48391 0 0 -1.0797E-05 0 6.56128E-09 | -1.0790E-05
- - 48398 0 0 0 0 9.67593E-10 | 9.67593E-10
E(')?ﬁg:a' ? '222’??&_82 48400 0 0 0 0 1.51370E-08 | 1.51370E-08
R -sum(A x alp) [ 3.18149E-05 div (phi, alphal) may be limited further than it really is required
alphat 0.94843729 .
div (-Ur, alphal) has small values but acts in the way to reduce the alphal. Ur
can be controlled by cAlpha and therefore it can be inferred that the reduced cAlpha
may help to suppress the air ventilation further
O| A, ExcelZ Ct=Z stepOl| M2l alpha 2f= A4S & Al div(phi,alphal) %£0| main factor?} £ 7= 2. OtOLE relative

Previous Slide

compression teerE control 7ts
714 CA'phaE =NE 6H72:|%|- == A

Ob 29 (52~)
2o
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TwoPhaseFlow::AirVentilation

O[ZF 4, pons o O%
SFD (Shovelmg Fluid Dynamlcs) ' e 7
SHEH ZXHE

of 23 -+ UELICH

o
== M= OlX

otX| = 4L}
2

|
| A+ 2 NAVER...

\ ) ":: , _;\
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Limited
Time Step

Drift
T Angle

Flow

INVYO4 d3iiN

o
Sflzell 2S4S oAM=

o 2 time step sizeE AFE35t= A0
X AL|Ct SHX 2 OpenFOAMO]| A ‘o)

It is essential to apply large and fixed time step size for performin
deltaTE 7| %= A2 ¢l 0| OfL| . pply larg 0 p g

efficient manoeuvring simulations

“Past pain s plegsure.”
Unknown



LimitedTimeStepSize

Flux Limiter e Resistance simulations in ~30

minutes

(with 72 cores)
 Self-propulsion simulations in an

hour

Velocity Limiter

Ny
h
/1

QS-FBl HiFoam + 9% stable

Fr'aimework « 2~5% accuracy in average
 Resistance, self-propulsion,

manoeuvring, added resistance etc

Mesh cleanup

+ Viscous-inviscid coupling
+ swense
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SMART SHOVELING

in OpenFOAM perspective

boundary condition=
HIEC}

Z X2 CIA| REC}

(prism Iayer, refinement &)

fvSolutions ¢ L}
(nOuterCorrectors &)

71Itf0I B & &L}
L|7k?

OfZ 7| StA|

H

AN H

UEY| Higts 22
O| 2O{X|X| 45 LICE,
O| 202 O|RUCtH
O z=0f Z+Ed|
HREFX| = R =




Some Lessons from

Shoveling
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FUTURE SHOVELING

For a shape design

OpenVFOAM ‘F

and optimization... TensorFlow
User Dependency Difficult to Parameterize
40 They will work for us. Employing the concept of the
Veteran designer will live Immersed Boundary Method (IBM) -

in a machine forever... - Especially, the cut-cell method

uid

Optimal Hull Form

H

-----




FUTURE SHOVELING

| am trying to develop the techniques to FIRE designers

Design Anyone

Expert designer’s experience
has already melted into the
system

Design Anywhere

No professional and high-

1

.f - j .

m L# S cost design tool is required
L

—

o

Quality Guarantee

The same output whoever

k design an object



@ Download 77 "computer disap. X

O

5 % 9 Bookmarks

L] geonhong / ADLib

& GitHub, Inc. [US] | github.com/geonhong/adlib

FUTURE SHOVELING

Private project

() GitHub - geonhong/ADLib: Aer X +

8 OB oM E €6 B & « 1 FH O BA% CxN= A 23 @ usteyg @ KIbizmekaEZ
© Watch 0 * Star | 1 YFork ©

<> Code D Issues 0 1') Pull requests 0 |"| Projects 0 1 | Security L1 Insights

Dismiss

Join GitHub today

GitHub is home to over 40 million developers working together to host
and review code, manage projects, and build software together.

AeroDynamics Laboratory Library set for the OpenFOAM(R)

© 0 releases 42 0 contributors
_— ]

D 4 commits ¥ 1branch

Find File

Branch: master v New pull request Clone or download ~

Geon-Hong Kim and Geon-Hong Kim LLEASM and AnisotropyReynoldsStress are added Latest commit 3b6e262 on 23 Nov 2018

@ ADLib-4.1/libraries LLEASM and AnisotropyReynoldsStress are added 10 months ago

E README.md first modification 10 months ago

README.md

»

* B PEHG6LEEL O

7|t o2

project
ADLib

AeroDynamics lab
Library

KAIST 7|t A+ &
MEHE9| o7 L8O
AMEEl= A0| OFt
OpenFOAM Library=
converting Al7|=
ZZ2HE

Github= Sdlf =71



2
|
o
)
2,
N,
S

OpenFOAM-& 14 Z 1 }?

Previous Slide Next Slides -







